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Abstract: Dental implantation is a very useful method for edentulism treatment.  After the implantation 
surgery, processes known as bone remodeling and osseointegration take place in which the 
interface strength, as well as the surrounding bone quality improves. This will have direct impact on 
the mechanical stress and strain in the bony tissues. This paper aims to quantify the magnitude of 
mechanical stress and strain developed in the bony tissues. Hence compare the stress and strain 
progression at different healing stages. Unlike existing studies, this investigation takes into account 
the effect of changing material properties due to bone remodelling.  Computerized tomography (CT) 
scan technology was employed to construct the 3D finite element model.  The mechanical response of 
the bone tissues was observed and the results revealed the changes in mechanical stress and strain 
patterns in the bone tissues at various healing stage. 
Keywords: biomechanics, bone remodelling, CT scan, dental implant, finite element, mechanical 
stress, mechanical strain, osseointegration. 
1 Introduction 
There are two widely-accepted methods to treat an edentulous patient.  The first method is to use a 
dental bridge.  The method of fabricating a dental bridge is by reducing the size of the abutment teeth 
to accommodate the dental bridge [1]. The second method is to use a dental implant.  This usually 
involves a dental restoration surgery. The entire tooth, including the root is completely removed from 
the jaw bones, followed by the insertion of the threaded dental implant into the dental bones.  An 
abutment is installed on top of the dental implant where the ceramic crown is situated [2].  These three 
components made up the complete dental implantation based prostheses.   
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Typical layout of a dental implant 
 
After the dental implant is inserted into the dental bones, the process of osseointegration is expected 
to take place, where the interface between the implant and its surrounding bone strengthens.  The 
magnitude of this strengthening effect can be measured by different means, e.g. natural frequency test 
as performed by Huang et al [3], animal removal torque test as  conducted by Wilke et al [4].  For the 
latter, Wilke reported that the removal torque required to take out the implant from the dental bone 
gradually increases during the healing process.  Table 1 is a list for the values of interface mechanical 
properties during the healing phase. 
 
Ceramic crown
Titanium implant
Abutment
  
Table 1: List of interface parameters [4] 
Week Coefficient of friction Shear modulus (MPa) 
2 0.1 24 
4 0.2 43 
10 0.425 79.17 
14 0.55 93.33 
20 0.692 105 
28 0.825 114.17 
36 0.893 117.5 
48 1 120 
 
 
Concurrently with osseointegration process, bone remodelling occurs, where the bone density is 
changed due to the implant induced mechanical loading [5].   Therefore, bone remodelling is in 
essence a process where the bone changes its own property to adapt to its changing mechanical 
loading environment [6].  As bone remodels positively, the quality of the bone will improve, therefore 
leading to the stabilization of the dental implant inside the dental bone.  This will have the effect of 
reducing the rate of implant failure.  Therefore, in order to optimize the dental implant design, it is 
crucial to understand the magnitude and the development of mechanical stress inside the bony 
tissues.  Such predictions can help to minimize the possibility of implantation failure. 
 
Existing studies suggest that the highest mechanical stress is developed around the bone that 
surrounds the neck of the dental implant.  In addition, the dental implant induced mechanical st resses 
usually propagate from the areas which are closer to the dental implant, and decrease in magnitude 
towards the outer region [7-9]. However, there is a lack of thorough understanding in the effect of bone 
remodelling on the overall mechanical response in the bone tissues.  Therefore, bones response to 
occlusal loads at various remodelling and healing stage is still to be investigated. 
2 Method 
2.1 Finite element model 
The initial 3D model of the bone structures were constructed based on computerized tomography (CT) 
scan technology.  The individual scans were processed in Rhinoceros 3.0, where the final 3D solid 
model of the bone was created.  The dental implant model was based on 3i dental implant (Barcelona, 
Spain).  The complete finite element model consists of: ceramics crown, dental implant, a layer of 
cortical bone with thickness of 2mm, and cancellous bone.  The finite element mesh was generated by 
using 10 node quadratic tetrahedral elements (C3D10) elements for the analysis. The model has in 
total 83225 elements as shown in Fig.2 and ABAQUS (6.7.1) is employed for linear static analyses. 
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Figure 2: Finite element model 
An occlusal load of 200N was applied to the top of the crown.  Boundary conditions were applied to 
both side faces of the model to restrain all forms of translational movements.  The interface between 
the crown and the implant, as well as between the cortical and cancellous bone are treated as 
perfectly bonded interface.  The material properties of the implant and the crown are 90GPa and 
  
110GPa respectively [10].  The interfacial conditions between the implant and the bone were varied 
according to the values listed in Table 1 at various healing stages.   
2.2 Bones material property due to bone remodelling 
The material property of the bone was varied at different stages of bone remodelling.  The values for 
average bone densities and average Youngs modulus at various stages of remodelling were obtained 
from Lin et als study [12].  These values are listed in the table below: 
Table 2: Bones material properties due to bone remodelling 
Week Cortical bone 
density (g/cm3) 
Cortical bone Youngs 
modulus (GPa) 
Cancellous bone 
density (g/cm3) 
Cancellous bone 
Youngs modulus (GPa) 
2 1.8 14.2 0.805 1.46 
4 1.805 14.25 0.800 1.455 
10 1.81 14.5 0.803 1.465 
14 1.82 14.6 0.803 1.465 
20 1.84 14.76 0.804 1.47 
28 1.86 15 0.804 1.47 
36 1.86 15.5 0.803 1.465 
48 1.88 15.75 0.803 1.465 
 
3.  Results and discussions 
3.1 von mises stress 
The von Mises stress contour is plotted in Fig.4, and Fig.5 displays the distribution of von Mises stress 
in the areas next to the neck of the dental implant over the 48 week healing period.  Element numbers 
37135 and 64419 are picked as the corresponding indicative stress sites, as circled in Fig.4.   
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Figure 4: von Mises stress contour                        Figure 5: Von Mises stress progression 
From Fig. 4, it is visible that the  mechanical stress is propagating in the areas of bones which are 
closer to the dental implant, and decrease in magnitude towards the outer region.  The mechanical 
stress reaches the highest in areas of cortical bones which are immediately next to the neck of the 
dental implant, the maximum Von Mises stress occurs inside the dental implant itself with the 
magnitude of 100.38MPa.  Additionally, the stress magnitude in the cortical bone is higher than the 
ones in the cancellous bone.  Unsurprisingly, the mechanical stress in the cancellous bone reaches 
greatest in the bottom of the dental implant  which intuitively supports the occlusal load. 
Fig. 5 is the plot for von Mises stress progression in elements next to the neck of the dental implant. 
The von Mises stress in element 37135 is approximately 11.5MPa, and in element 64419 is around 
Element
37135
Element
64419
  
9.5MPa after 48 weeks of healing. Fig. 4 indicates that the cortical bone surrounding the neck of the 
implant is also the area of the highest stress concentration.  The overall distribution of elemental 
stress is identical to each other, however difference in stress magnitude exists by a certain ratio due to 
the geometrical configuration of the structure.  Fig. 5 also indicated that in general, the mechanical 
stress increases during healing and remodelling stage.  Furthermore, the magnitudes of the maximum 
VM stresses are below the yield stress of 122MPa for the dental cortical bone [11]. Initially the rate of 
increase in the magnitude of mechanical stress is low, and seems to approach the steady state by the 
14th week.  However, after 20 weeks the stress magnitude increases once again rapidly.  This result is 
indicative, because as the bone quality improves due to bone remodelling and interface strengthens 
due to osseointegration, the induced mechanical stress would further increase.  The rapid increase in 
stress after 20th week simply indicates that bone remodelling takes place at a higher rate, 
consequently implant stability can be achieved at a faster pace.  Overall, the rate of increase in the 
stress magnitude is a rather steady growth, where the phenomenon of ramp function is almost non-
existent.  Over the course of 48 weeks, the amount of mechanical stress gain is around 4.99%. 
Furthermore, the stress in element 37715 is lower than elemental stress in element 64419.  This is 
caused by the unsymmetrical nature of the jaw bone. 
3.2 Mechanical strain 
The strain contour is shown in Fig. 6, and once again elemental principal strains are taken at points 1 
and 2, where both of these points are located in the bones around the implant neck region. The strain 
variation is plotted in Fig. 7, and in both the curves the principal strain progressions are shown. 
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        Figure 6: Mechanical strain contour                               Figure 7: Variation of principal strain 
As can be seen from Fig. 6, the distribution of mechanical strain is similar to the distribution of von 
Mises stress. The maximum principal strain at point 1 is 0.0003164 and 0.0002975 at point 2 after 48 
weeks. This is expected since mechanical s train is directly proportional to the mechanical s tress.  
However, the strain is the highest in the area of cancellous bone which is next to the threaded part of 
the dental implant.  This is because of the low stiffness values in the cancellous bone.  The strain 
values increases towards the bottom of the dental implant.  In Fig. 7, the maximum principal strain at 
point 1 is higher than the strain values at point 2. The difference between these two points is 
approximately 6%.  The graphs for the two strain plots are almost parallel to each other, thereby 
indicating that the maximum strain change rate within the bony tissues is approximately uniform. The 
magnitude of the mechanical strain decreases as the process of bone remodeling and healing process 
proceeds.  The rate of decrease in the strain magnitude is a relatively steady process, since the strain 
magnitudes decrease in an almost linear manner except between week 10 and week 12, when the 
strain values drops at a more rapid rate.  The result appears logical, since lesser strain in the bony 
tissues will provide a higher degree of stability for the dental implant.  Furthermore, this result 
suggests that the overall structure could develop a resistance to deformation and damage at a faster 
rate after 12 weeks into the healing process.  This result correlates the existing computational analysis 
on damage evaluation of dental implants in the bone tissues by Lin et al [12], which reported that the 
damage magnitudes in the jaw bone are dramatically lessened after 12 weeks of healing, and the 12 
weeks (or 3 months) healing period confirms the general recommended healing time of 3 months in 
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dental practice. After 48 weeks, the amount of mechanical strain is decreased by approximately 
5.67%.   
3.3 Occlusal Displacement 
The occlusal displacement contour is shown in Fig. 8. The contour on the right is simply the sectioned 
contour of the whole model. The areas of concern for the nodal displacements are focused on: the top 
of the dental crown, and the cortical bone next to the neck of the dental implant.  These two points are 
indicated in Fig. 8 and are identified as point A and point B respectively.  The reason for observing 
these two nodes is because the major concern with dental implant is whether if the dental implant will 
be displaced downward during the biting action.  Consequently, the downward displacement of the 
dental implant can be easily observed at the top of the crown.  Observing the nodal displacement at 
implant neck is of major importance as well, since large displacement in this region can cause pocket 
formation and damage to the interface between the dental implant and its surrounding bones. Fig.9 
shows the displacement distribution plots at point A and point B. 
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    Figure 8: Occlusal displacement contour                          Figure 9:  Change in Occlusal displacement 
 
As shown in Fig.8, the displacement contour reveals that the greatest displacement occurs on top of 
the dental crown.  The vertical displacement at point A is around 14.53m, while displacement at point 
B is about 9.69m, at week 48. The magnitudes of vertical displacements at point A and point B are 
small, meaning that the amounts of deformation due to the biting force are low in magnitude.  This is a 
positive indication that the dental i mplant can be securely situated inside the dental bone.  
Additionally, the magnitude of vertical displacement at point B are very low, thereby suggesting that 
the amount of deformation and damage at the interface area located at the implant neck region is 
small.  This would ensure to maintain a healthy condition at implant/bone interface in long term 
perspective.  There are also some deformations occurring at the bottom of the dental implant in the 
cancellous bone area. Furthermore, the amount of vertical displacement is greater in the cancellous 
bone than in the cortical bone.  This confirms the results of maximum principal strain where the 
amount of strain is greater in the cancellous bone.  This could be best explained as the difference in 
the stiffness constant between the cortical bone and the cancellous bone.  The cortical bone is harder 
and stiffer than the cancellous bone. Therefore as a consequence of this, the amount of deformation in 
the cortical bone is lower than the deformation in the cancellous bone.  
As shown in Fig. 9, the overall progression in the displacement magnitudes is once again a decaying 
function. The result appears also logical, since the interface strength and the quality of bone improves 
throughout the healing prcoess. In addition, the displacement distribution at point A is parallel to the 
displacement magnitude plot for point B. Therefore, indicating that all vertical displacement reduction 
rates within the structure follow approximately the same pattern, and differ by a certain distribution due 
to its geometrical location and layout. From Fig. 9, the vertical displacements at point A are higher 
than the vertical displacements at point B by roughly 32%.  Emphasis should be placed on the manner 
of which the displacement magnitudes decrease.  Both plots for vertical displacements at point A and 
point B decrease almost linearly, thereby displaying a similar behaviour to the strain results.  Finally, 
the amount of displacement decreases s imultaneously by 3.52% by week 48. 
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4 Conclusions  
The main objective of the study was to investigate into  the stress and strain variations due to the effect 
of bone remodelling and healing. The result suggests that the dental implant can be situated securely 
inside the dental bone over a 48 week healing process. It is observed that the mechanical stress 
increases while the strain decreases as the healing and remodelling progress. The increase of 
mechanical stress in the bony tissues is 4.99%, and the decrease in mechanical strain is 5.67% after 
48 weeks of healing. It is also found that the decrease in strain values becomes greater after 12 
weeks of osseointegration, indicating that the amount of damage in the bones after 12 weeks could be 
lessened. This confirms that the 3 month healing period recommended in the dental practice is 
biomechanically sound. The contour clearly suggested that both stress and strain concentrate in the 
areas of bones which are closer to the dental implant, and decrease in magnitude towards the outer 
region.  In addition, the magnitude of mechanical stress is the highest in the cortical bone area that 
surrounds the neck of the implant, while the magnitude of strain is higher in the cancellous bone 
around the thread of the implant.  Finally, the displacement agrees with the stress and strain results, 
where the amount of displacement around the implant neck region decreases at the various stages of 
healing and bone remodelling, and reducing by 3.519%.  The occlusal displacement due to the biting 
force becomes low over healing process, revealing that a high degree of stability of the dental implant, 
and the strong bonding at the implant/bone interface can be achieved. 
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